Background: Patients admitted to hospitals over the weekend appear to have a higher risk of death compared to weekday admissions, but the reasons remain unclear. Unlike previous studies, we use a standardised mandated vital signs physiologically based measure of sickness known as the National Early Warning Score (NEWS) to investigate this 'weekend effect' for emergency admissions. Aim: To determine if weekend admissions are (i) sicker as measured by their index NEWS, (ii) have an increased risk of death and (iii) have less favourable monitoring of their vital signs compared with weekday admissions. Methods: Analysis of 58 481 emergency adult medical admissions in three acute hospitals with electronic (index) NEWS recorded within 24 h of admission. Results: Admissions over the weekend had higher index NEWS (weekend: 2.24 vs. weekday: 2.05, P < 0.001) with a higher risk of death (weekend: 771/14198 5.43% vs. weekday: 2197//44283 4.96%, Risk Ratio ¼ 1.10, 95% CI: 1.01 to 1.19, P ¼ 0.023) which was no longer seen after adjusting for the index NEWS (Risk Ratio ¼ 1.00, 95% CI 0.92 to 1.08, P ¼ 0.94). The time to index NEWS was earlier (-0.41 h 95% CI -0.47 to -0.35, P < 0.001) for weekend admissions whilst the number of NEWS recorded over their hospital stay was not dissimilar (À0.03 95% CI À 0.39 to 0.34, P ¼ 0.892). Conclusions: Patients who have an acute admission over the weekend with an electronic NEWS recorded within 24 h are sicker, have earlier clinical assessments and after adjusting for their illness severity do not appear to have a higher risk of death compared to weekday admissions.
Introduction
Patients admitted to hospitals over the weekend appear to have a higher risk of death than patients who are admitted over the weekday. [1] [2] [3] This phenomena, known as the 'weekend effect' has been observed in Canada, 4 UK, [5] [6] [7] USA, 8 Australia, 8 in planned and unplanned admissions and has two underlying mutually non-exclusive hypotheses 1 which are based on the fact that there are fewer staff and services in hospitals over the weekend. 9 The first is that patients who are admitted to the hospital over the weekend are sicker than their weekday counterparts. The second is that the quality of care (e.g. longer delays, higher error rates and lower effective interventions) in hospitals over the weekend is diminished presumably because of lower staffing levels and less access to the support services which are otherwise available on the weekdays. So, whilst there is uncertainty about the empirical evidence in support of these hypotheses, the weekend effect has raised concern about patient safety and unnecessary hospital deaths (usually inhospital or 30 days). In England, the weekend effect has also formed the foundation for controversial calls for seven day working in National Health Service (NHS) hospitals, 10, 11 The general methodology used to identify the 'weekend effect' has relied on statistical analyses of routinely collected clinically coded administrative databases. 2, 8 Although this yields large sample sizes, this clinically coded (e.g. ICD-10 disease codes) data frame, which has variable quality, is completed after the patient has been discharged and so is not an integral part of the process of care. So the question, 'are patients who are admitted on the weekend sicker than their weekday counterparts' is less straightforward to determine from these data because they are confounded by the process of care. Furthermore, the subsequent case-mix adjusted mortality analyses from these administrative data fails to provide any empirical data to identify what aspects of the care may or may not be suboptimal over the weekend. 2, 8 Failure of care is usually inferred but almost never demonstrated. 1 Given these limitations, we sought to investigate the weekend effect using patient level vital signs physiological variables which, in the UK National Health Service, are summarized into a National Early Warning Score(s) (NEWS) that is mandated by the Royal College of Physicians (London), to standardize the assessment of acute-illness severity when patients present acutely to hospital as part of the process of care and recorded on a clinical observation chart. 12 The National Early Warning Score(s) (NEWS) is derived from seven physiological variables or vital signs-respiration rate, oxygen saturations, any supplemental oxygen, temperature, systolic blood pressure, heart rate and level of consciousness (Alert, Voice, Pain, Unresponsive)-which are routinely collected by nursing staff as an integral part of the process of care, usually for all patients and then repeated thereafter depending on local hospital protocols. 13 The use of NEWS is important and relevant because 'Patients die not from their disease but from the disordered physiology caused by the disease'.
14 NEWS points are allocated according to basic clinical observations and the higher the NEWS the more likely it is that the patient is developing a critical illness. The clinical response to NEWS, which includes changes in frequency of monitoring and escalation to care up to a critical care outreach team, is graded over three trigger levels (low, medium and high-see appendix).
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The clinical rationale for NEWS is that early recognition of deterioration in the vital signs of a patient can provide opportunities for earlier, more effective intervention.
14 NEWS is known to be a good predictor of mortality in the hospital and pre-hospital setting 15 but is not suitable for certain patient groups 14 such as those with end stage renal failure or patients with acute intracranial conditions, which are characterized by abnormal physiology or may not be suitably calibrated, say in patients with chronic obstructive airways disease. 16 Nevertheless, in respect of clinically avoidable deaths in hospital the principle problems include poor clinical monitoring of vital signs (i.e. NEWS) and escalation with subsequent lack of timely senior decision making. 17 So the NEWS is routinely available as part of the process of care, is integral to the clinical decision making process, is regularly updated, is clinically valid and unlike administrative data is less susceptible to gaming. 18 Our aim was to investigate the weekend effect through the lens of NEWS via four specific research questions comparing emergency admissions over the weekend to emergency admissions during weekdays. (i) Do weekend admissions have higher index NEWS? (ii) Do weekend admissions have a higher risk of death and is this risk modified when we control for the index NEWS? (iii) Do weekend admissions experience longer delays in the recording of their index NEWS and (iv) have fewer NEWS recorded during their hospital stay?
We addressed these questions using data from three hospitals that collect NEWS electronically, 19 because studies have
shown that electronically collected NEWS are highly reliable and accurate when compared with paper based methods.
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Methods
Setting & data For the purposes of this study we denote this as a three hospital study because the data from NLAG were pooled (at source). Our study hospitals (NG, SH, YH, respectively) have approximately 800 and 330, 700 beds respectively and have been exclusively using electronic NEWS scoring since at least 2013 as part of their in-house electronic patient record systems. We chose these hospitals because they had electronic NEWS and were agreeable to the study. We did not approach any other hospital.
We considered all adult (age ! 16 years) emergency medical and elderly admissions, discharged during a 12-month period (1 January 2014-31 December 2014), although NG provided us with 14 months of data. For each admission we obtained a pseudonymised patient identifier, patient's age, sex (male/female), discharge status (alive/dead), admission and discharge date and time, and eNEWS. The study hospitals have electronic NEWS (eNEWS) which are collected as part of the patient's process of care. We excluded records where NEWS was missing or recorded outside 624 h of the admission time because such scores are less likely to reflect the presenting sickness profile of acutely ill patients.
The NEWS ranges from 0 (indicating the lowest severity of illness) to 18 (the maximum NEWS value possible is 20) (see appendix for nationally mandated NEWS thresholds) but was capped to 10 to mitigate the risk of extreme values skewing our 
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results and because the number of admissions with index eNEWS !10 was small (NG n ¼ 272 0.82%; SH n ¼ 198 2.3%; YH n ¼ 386 2.3%). The admission date, discharge date and eNEWS are date and time stamped and so weekend admissions were defined as occurring on/after midnight on Friday up to midnight on Sunday and the index eNEWS was defined as the first score recorded within 624 h of the admission time. We did not consider children and elective admissions because these analyses are likely to be underpowered because of the low mortality in these subgroups and NEWS is not recommended for children. 12 
Ethical approval
The study was approved by the Research & Development Unit at York Teaching Hospital (R&D Unit reference YOR-A02486).
The study did not requires ethical approval because it meets the exemption criteria ('Research limited to secondary use of information previously collected in the course of normal care (without an intention to use it for research at the time of collection), provided that the patients or service users are not identifiable to the research team in carrying out the research'.
)
Statistical analyses
Our analyses were designed to address the four study questions identified earlier.
Our statistical analyses used linear and logistic regression models with robust standard errors according to whether the response variable was continuous or binary. We commenced with models with a single binary weekend (yes/no) covariate to estimate the crude (unadjusted) risk of death for weekend admissions vs. weekend admissions. We then added additional covariates (index NEWS, age, sex and calendar month) on the basis of their clinical justification (not statistical criteria) to produce adjusted estimates of the weekend effect. Models were run for each hospital separately and all hospitals combined (but with a hospital term as a fixed effect) to provide pooled estimates. For the logistic regression models, we report Risk Ratios (RR) instead of Odds Ratios which can be less straight forward to interpret. 24 Statistical significance was set at P < 0.05. Our results focus on size of the 'weekend effect' reported from model coefficients with 95% Confidence Intervals (95% CI). The first set of models was used to determine the crude and adjusted RR of in-hospital death following emergency admission to hospital over the weekend vs. the weekday admissions. We used a series of logistic regression models with died in hospital (yes/no) as the response variable. The preliminary model was a crude (unadjusted) model with weekend as the only covariate. A subsequent model included index eNEWS as an additional continuous covariate. The final model included age (years), sex, admission month (January-December) and index eNEWS as additional covariates.
A second set of models was used to investigate the extent to which admissions over the weekend were sicker than those over the weekdays. We used the index (on-admission) eNEWS as the response variable with age, sex, died, admission month and weekend as covariates in a linear regression model.
A third set of models was used to investigate the extent to which admissions over the weekend had delayed index eNEWS recorded. The time interval (hours) from admission date/time to date/time of the index eNEWS was calculated. A negative value was legitimate because the index eNEWS can occur (e.g. in the Accident & Emergency department) before formal admission to hospital. The time to first eNEWS (hours) was the response variable with age, sex, died and weekend as covariates in a linear regression model.
A fourth set of models was used to investigate the extent to which admissions over the weekend had fewer eNEWS recorded. The number of eNEWS recorded was the response variable with age, sex, died, length of stay (days), index eNEWS and weekend as covariates in a linear regression model. All analyses were carried using R 25 (for pre-processing and graphics) and STATA 26 (for statistical modelling).
Results
Cohort description
There were 60 479 emergency admissions across the three hospitals during the 12-14-month time period. We excluded (see Figure 1 shows the relationship between eNEWS and inhospital mortality in emergency admissions in our three hospitals which shows that mortality increases with higher eNEWS in each hospital. Table 2 shows the profile of the admissions in each hospital comparing weekend and weekday admissions. Whilst the ratio of weekday to weekend admissions was similar between hospitals (NG 3.1, SH 3.1, YH 3.2), emergency admissions at NG were younger (mean age 62.07 years (SD 21.49)) than those at SH (mean age 69.81 years (SD 18.39)) or YH (mean age 68.55 years (SD 19.42)). In NG and YH, emergency weekend admissions were older than weekday admissions. Across the three hospitals, emergency admissions over the weekend had higher index NEWS (P 0.001). The time (hours) to index eNEWS was significantly earlier for weekend admissions NG and YH. The number of eNEWS recorded for weekend admissions was higher in YH, lower in NG and similar in SH.
The pooled data showed (table 2) that weekend admissions were older (0.92 years older, P < 0.001), had higher index eNEWS (0.19 points higher P < 0.001, 0.31 points higher for deceased patients, P ¼ 0.015) and had their index eNEWS recorded more promptly (À0.19 h earlier, P ¼ 0.07) than weekday admissions.
Statistical analyses
Risk of in-hospital death The crude (unadjusted) risk of death in hospital following weekend admission (table 3) was ( RR ¼ 1.02 (NG, P ¼ 0.793), 1.13 (SH, P ¼ 0.192) and 1.21 (YH, P ¼ 0.006). The pooled data showed that emergency admissions over the weekend had a 10% higher risk of death compared to weekday admissions (RR ¼ 1.10, P ¼ 0.023). Adjustment for index eNEWS reduced the risk ratios for each hospital (table 3) 
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model with additional covariates was statistically significant P < 0.0001, 13 degrees of freedom).
Severity of index eNEWS
Admissions over the weekend had higher adjusted (table 4) index eNEWS than weekday admissions at each hospital. The pooled adjusted effect size was 0.17 points higher (95% CI 0.12 to 0.21, P < 0.001).
Time to recording of index eNEWS
Admissions over the weekend had their index eNEWS recorded more promptly than weekday admissions. The pooled adjusted effect size was À0.41 h (95% CI À0.47 to À0.35, P < 0.001) earlier, although in one hospital (SH) there was no significant difference in this time interval (table 4) .
Numbers of eNEWS recorded
Admissions over the weekend did not differ in the number of eNEWS recorded during their hospital stay as compared with weekday admissions (table 4) . The pooled adjusted effect size was À0.03 (95% CI À0.39 to 0.34, P ¼ 0.892), although in one hospital (SH) the numbers of eNEWS recorded were higher for weekend admissions (1.05, P ¼ 0.004, table 4).
Discussion
Statement of principal findings
Our aim was to investigate the 'weekend effect' through the lens of electronic NEWS to test the following theories. (i) If patients who are admitted over the weekend are sicker compared with weekday admissions, then this would be reflected in higher index (on-admission) eNEWS scores.
(ii) If quality of care is compromised over the weekends, then one mechanism for this could be delays in monitoring of vital signs (eNEWS). We found that patients admitted as emergencies over the weekend are sicker than those who admitted over the weekdays and are not at increased risk of death once we adjust for level of sickness using their index eNEWS recorded within 24 h of admission. We also found that the index eNEWS was recorded earlier over the weekend vs. the weekdays and that the number of NEWS recorded over the hospital stay was similar. This is surprising given the lower staffing levels on weekends and important because the principle concern around the weekend effect is the extent to which it results in clinically avoidable deaths 1 (and a principal cause of clinically avoidable deaths is poor clinical monitoring 17 )
Strengths and weaknesses of the study
Our findings are based on the analysis of NEWS which is a predictor of hospital mortality and is a key component of interventions to detect patient deterioration. Previous studies have shown that failure to respond to deterioration due to poor monitoring and inadequate response is an important cause of avoidable deaths.
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Our study involves emergency medical admissions in three different acute hospitals (teaching/non-teaching, small/large, coastal/city, deprived/affluent, with local escalation policies for NEWS) with electronic NEWS which simultaneously enables us to consider the acute severity of illness on admission as well the monitoring of vital signs of patients. Our indicator of sickness is the eNEWS which is derived from seven vital signs routinely collected as part of the process of care which provides some insight into the quality of monitoring vital signs because eNEWS is date-timed stamped. Nonetheless our study does not report on the other aspects of the quality of care, which have been found to vary over weekends 1 and other problems (e.g. diagnostic errors, inadequate drug or management) seen with clinically avoidable deaths. 17 Indeed, the index eNEWS may also be confounded by care in the emergency department, such that suboptimal initial care at weekends may lead to a higher index eNEWS. Thus causality could be reversed-poor initial care at weekends leads to higher index eNEWS at weekends. Whilst this is possible, it is unlikely because we found that the time to index eNEWS is earlier on the weekends vs. the weekdays. We excluded 3.3% of emergency admissions that did not have eNEWS recorded at all or within 624 h of admission and so our findings do not generalise to these patients which accounted for 8.04% of deaths. Whilst this group merits further study, we know that NEWS is not used for some patients, such as those requiring immediate resuscitation, direct admission to intensive care and may not be relevant for patients with end stage renal failure or with acute intracranial conditions. 14 Indeed, the raised mortality (15% and 7.9% vs. 5.08%) seen in the excluded subgroups does suggest that they are at higher risk. Nonetheless the 10% weekend effect size that we found is consistent with the general estimates reported from other studies, 1,2 although it could still be argued that our study was underpowered to find an adjusted weekend effect.
A key challenge with the use of routine data is to determine its quality and reliability. Whilst there is published evidence to show electronic NEWS is superior to pen and paper NEWS, 21, 22 the integrity of the data in the routine setting is more difficult to determine. However, unlike administrative data, NEWS is integral to the process of care and clinical decision making. This 
provides a higher degree of assurance because eNEWS is continually exposed to human and electronic validation, 19, 27 and is also supported by regular internal audits in our hospitals. However, we are not able to determine the subsequent clinical response to NEWS and how this differed at weekends vs. weekdays. Although our study is based in three different acute hospitals the extent to which our findings generalise to other hospitals, with or without electronic NEWS remains unclear.
Results in relation to other studies
The weekend effect has been explored in over 100 studies 1 and in most cases this has been undertaken using administrative data. An exception is a single hospital study which also reported that patients are sicker on the weekend and that once illness severity using biochemical markers were included in the model, the weekend effect disappeared. 28 Likewise, a recent study found no difference in mortality following stroke using a clinical database 23 whereas a previous study using administrative data reported a 26% higher death rate for weekend admissions. 29 Another recent study found circumstantial evidence of a selection effect whereby the threshold used to admit at the weekends is higher than during the weekdays 30 and our study, independently, found that patients admitted at weekends are sicker. Administrative data do not usually include the physiological variables seen in the NEWS, 30 likewise, the NEWS does not include the diagnoses and comorbidity labels seen in administrative data. Indeed, as some diagnostic subgroups (e.g. brain injury) are not appropriately assessed using the NEWS, we must not extrapolate our findings to these subgroups. Nevertheless, O'Sullivan et al found that including comorbidity did not improve the accuracy of a laboratory data model to predict mortality in emergency admissions 31 suggesting that the omission of comorbidity in our approach may not be a major limitation, although further work is warranted. Furthermore, whilst previous studies which have examined the quality of care have found longer delays and higher error rates, [32] [33] [34] [35] we found no evidence of delays in respect of monitoring patients using eNEWS.
Meaning of the study: possible mechanisms and implications for clinicians or policymakers
There are a number of policy implications from our findings. The notion that there is a generic weekend effect that applies to all hospitals may be overly simplistic. The weekend effect is a complex phenomenon, 13 requiring further study to understand the underlying mechanisms and inform our efforts to improve safety for patients. Our results do not support calls for changes in hospital working practices based on higher weekend mortality.
Unanswered questions and future research
An important methodological question is to investigate the weekend effect using this physiologically based approach NEWS to adjusting for illness severity versus the disease based approach using administrative data, 4, 7, 8 so that we can see if database studies may have exaggerated the weekend effect because of inadequate risk adjustment. We also need to determine why emergency admissions are sicker over the weekend. A natural extension of our study is to undertake similar analyses using data from all NHS hospitals (perhaps 30þ) with electronic NEWS. The combined use of data sources, such as routine blood test results as well as administrative and staffing data 36 is also worth considering especially because this may allow analyses of specific disease groups using physiological data. Patients who do not get eNEWS also merit further study as they appear to be a high risk group with raised mortality rates if they are admitted over the weekend as compared with weekdays. Finally, future studies could consider eNEWS over time along with other health outcomes such as length of stay, escalation to critical outreach and admission to intensive care.
Conclusion
Using a physiological measure of acute illness severity in the form of an electronic NEWS, our findings show that patients who are admitted as medical emergencies over the weekends and have a NEWS recorded within 24 h of their admission are sicker, get an index NEWS more promptly, have similar numbers of NEWS recorded through their hospital stay and are not at higher risk of death than those who are admitted over the weekdays once we adjusted for their higher index NEWS. 
